In this paper, we present preliminary results from a field experiment in which we explored the use of cars and traffic as a source for passive seismic imaging. We set out a line of geophones at a 45 degree angle between two intersecting roads at the University of California, Richmond Field Station. We collected data sets including background noise, an idling car at the intersection of the roads, one car driving on one road and two cars driving on both roads. A freight train contributed an appreciable signal. We found that the signal propagated best in the 3-20 Hz range. Average power spectra at each of the geophones showed a constructive interference structure which we had seen in simple synthetic models, computed by modeling the road as a line source. We were able to use the data from the idling car to estimate a dispersion curve.
Introduction Motivation
The ground vibrations from cars, traffic, trains, footsteps and, in fact, human activity of any kind is generally considered a source of noise that needs to be removed from data collected in near surface seismic surveys. That said, one geoscientist's headache can be reinterpreted as another researcher's signal. It is conceivable that in clandestine situations it might be impractical or impossible to use conventional seismic sources (hammers and steel plates) in order to image shallow underground structures. In this case, we propose that it might be possible to find features of interest simply by listening to the distortion of surface waves coming from a nearby road. To this end, we performed a simple field experiment to characterize the seismic signals from single cars, traffic (which we simulated by driving two cars up and down intersecting roads) and stationary cars with idling engines. The goal of this preliminary experiment was to collect data sets that can be used to explore different methods of processing and as the basis for realistic 2 and 3-d model studies.
Microtremors
Microtremors are microseisms originated by natural sources, including those caused by daily human activities such as traffic. Natural microtremors are very well correlated to the variations of atmospheric pressure. Considered as random variable the amplitude of natural microtremors tends to follow a normal distribution. Nevertheless, mathematically microtremors should be considered stochastic processes which vary spatially and temporally. Stationarity of natural microtremors seems not to last more than 3 hours (Okada, 2003) . Also deviation from the normal behavior is observed when microtremors are generated by human activities. In elasticity theory microtremors are considered to be assemblages of body and surface waves. Analysis of natural microtremors have been used by many researchers to infer the subsurface structure from the dispersion patterns of the surface waves (see for instance Zywicki, 1999; Okada, 2003; Roberts and Asten, 2004; Bonnefoy-Claudet et al, 2006) . Two methods are commonly used for the study of microtremors. The first is the frequency-wavenumber (f-k) method (Capon, 1969) , which was developed on the USA on the sixties to detect nuclear bursts. This method detects the dominant wave, but assumes that surface waves are dominant over body waves. The other is a spatial autocorrelation method (SPAC, Aki, 1957) , which is based on the detection of Rayleigh waves from the vertical components of the microtremors.
Methodology Field Setup
We performed our experiment at the University of California, Richmond Field Station at the intersection of two roads on a Saturday when there was no other traffic. The site was about a half mile from the 580 Freeway and the Trans-continental railway. We set up a line of geophones that bisected the angle between the two roads as illustrated in Figure 1 .
We acquired four different data sets:
• Background, no cars driving, • Idle, a stationary car with the engine idling at the intersection of the two roads, • One Car, one car driving back and forth along one of the roads, • Two Car, two cars driving back and forth along both roads. Between 20 and 30 gathers were recorded in each configuration. The data were sampled at 500 Hz. An analogue filter removed frequencies below 1 Hz as the data was being recorded.
Preliminary Results

Spectrograms
An example of the time-frequency signature of a car is shown in the spectrogram in Figure 2a . Most of the energy in the signal is concentrated below 50 Hz, although curved tones appear around 125 and 175 Hz. We are not yet entirely sure of the physical mechanism for these tones. We believe that the energy below 50 Hz is mostly due to engine vibrations coupling to the ground since a similar signal shows up in the idle data set. It is worth noting that engine rates of 800 to 1500 rpm translate to 13 to 25 Hz, so it makes sense that the engine should show up in this range. A freight train happened to pass on the tracks during the acquisition of one of the background data sets. In Figure 2b , we show that the signal from the train was enormous compared to the general background.
In Figure 3 , we plot the average background power spectrum as a function of receiver location. The most striking features of the background are the strong 60 Hz tone and its harmonics, and the fact that the background is very consistent for all of the sensors except for sensor number 13 which stopped working midway through the survey. The average power spectrum for the Idle, One Car and Two Car data sets minus the background are shown in Figures 4 a-c respectively. Since power was measured in dB, the plots show an approximate signal/noise ratio. As is apparent in Figure 4 , we found a S/N greater than 1 in the 3 -20 Hz band. Above that band, the S/N was essentially zero. In the Two Car data set, the useful range was considerably larger, up to about 30 Hz, although the high frequency signal dies out at about 110 m distance from the road (100 m from the first geophone). This leads us to conclude that the success of surveys of this kind might depend on the amount of available traffic. 
Comparison to a Synthetic Model
To better understand the system, we built a simple forward model. We modeled the roads as sets of points 2 meters apart which were radiating at frequency f in phase with each other. The mathematical model for a receiver at a distance r from a point source was ( ) ( ) A is the amplitude of the car signal (unknown), α accounts for geometrical spreading, β is a damping coefficient, and v is the velocity of the earth. The total disturbance at any location was modeled as the sum of the disturbances due to the point sources along lines representing the roads. In Figure 5 , we plot the results of the model for f = 10 Hz, v = 400 m/s, α=1 and β=0. The model predicts that we should see a zone of constructive interference around 110m from the first sensor. Comparing Figure 4 to the power spectra in Figure 4 , we see that this interference feature is clearly visible in the One Car and Two Car data sets but not in the Idle set. This lends credibility to our simple model of the road as a radiating line source. 
Estimating Velocity as a Function of Frequency
Using the idle dataset, we were able to estimate the velocity of the ground as a function of frequency and plot a dispersion curve. To make Figure 6 , we filtered the data in the time domain using a 20 Hz low-pass filter. We then cross-correlated the time series at each geophone with the first geophone and averaged the results for each gather. The figure shows a linear relationship between crosscorrelation lag and distance to the first receiver.
Armed with this intuition, we narrow band passed the time series at 3, 5, 7, 10 and 12 Hz. We performed the same cross-correlation in each of these bands. We plotted the results and estimated the slope of lag/distance from the graph as shown in Figure 7 a-c. The final dispersion curve is plotted in Figure 7d . It is physically realistic, but we have yet to compare it to similar curves estimated using hammer shots in the same location. 
Conclusions and Future Work
This initial experiment shows that cars can be a useful source of seismic signal, and freight trains might prove to be an ever better source. Our results were consistent with a simple model of the road as a line source. We were able to use the engine of an idling car to estimate a dispersion curve.
In the next phase of the project, we will perform a more exhaustive analysis of the data we have already collected, by attempting to build a velocity profile from the moving car data, and making a more careful match with synthetic models. We will investigate the use of inversion techniques to enhance our data interpretation. Lastly, we will perform more field experiments using 2D sensor geometry.
